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Corrected transposition of the great arteries
without associated defects in adult patients:
clinical profile and follow up
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Abstract
Objective-To assess the clinical course

of adult patients with corrected trans-
position of the great arteries without
associated anomalies.
Design-All patients with corrected
transposition ofthe great arteries without
associated anomalies were reviewed with
complete clinical and echocardiographic
assessment. The complications were

evaluated in each decade.
Setting-Tertiary centre with a specific
unit dealing with "grown-up" adolescent
and adult congenital heart disease, desig-
nated as a quaternary centre and a

general hospital with a referral centre for
"grown-up" congenital heart disease.
Patients-18 patients (nine male and nine
female) aged 16-61 years followed for
1-30 years (mean 10 years).
Results-There were no deaths. Six
patients had a worsening ability index
during follow up. Complications were:
(a) complete heart block in seven, three
of whom required pacemaker insertion;
(b) significant left atrioventricular valve
regurgitation in 50%, appearing only in
the third decade (12%), with increasing
frequency thereafter. Infective endo-
carditis was responsible for increasing
left atrioventricular valve regurgitation
in only one patient; (c) supraventricular
arrhythmia appeared in the fifth decade,
and occurred in all patients over the age
of 60 years. One patient aged 61 had
recurrent sustained ventricular tachycar-
dia; and (d) congestive heart failure
developed only after 50 years in 66%. One
patient had severe left atrioventricular
valve regurgitation; the function of the
systemic ventricle was only moderately
reduced in the other three. Three of the
nine women had seven uneventful preg-
nancies.
Conclusions-Patients with corrected
transposition ofthe great arteries without
associated defects may remain undiag-
nosed until adult life. Symptoms occur

rarely before the fourth and fifth decades,
when rhythm disturbance, left atrioven-
tricular valve regurgitation, and moder-
ately impaired systemic ventricular
function cause congestive cardiac failure.
The role of pacemaker insertion or

surgery for left atrioventricular valve
regurgitation needs further assessment.
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Corrected transposition of the great arteries
(atrioventricular discordance and ventricu-
loarterial discordance) as a lone anomaly is
rare. Patients with this condition reach adult
life without earlier diagnosis or recognition of
having heart disease. Left atrioventricular
valve regurgitation, complete heart block, and
systemic ventricular dysfunction develop as
the years advance. The incidence of such
complications and the age at which they occur
have not been completely documented. The
aim of this survey was to illustrate the natural
history of a group of patients with corrected
transposition of the great arteries without
associated defects.

Patients and methods
Data were collected from two centres special-
ising in the care of patients with "grown up"
congenital heart disease, namely, the Royal
Brompton National Heart and Lung Hospital
(RBH), London, United Kingdom, and the
Hospital Giovanni Bosco (HGB), Turin,
Italy. From this population data of patients
with corrected transposition of the great arter-
ies followed in adulthood were reviewed retro-
spectively.

Selection criteria were: (a) age of patients
16 years or over at first presentation in the
centre; (b) follow up of more than 1 year; and
(c) diagnosis of corrected transposition of the
great arteries without major associated defects
confirmed by echocardiography or angiogra-
phy, or both.

There were 18 patients (10 from the RBH
and eight from the HGB). The mean (range)
age at presentation was 35 (16-61) years and
mean (range) follow up of the 18 patients was
10 (1-30) years. All patients were reviewed
with complete clinical and echocardiographic
assessment. The ability index (AI)' was used
for grading symptoms. The complications,
evaluated decade by decade, were incidence
of arrhythmia, complete heart block, cardiac
failure, left atrioventricular valve regurgita-
tion, and bacterial endocarditis.

Results
The reasons for the initial referral of these
patients to a cardiologist were (a) abnormal
electrocardiogram (Q wave in V1-V3) in
three patients, one of which was interpreted
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for years as an anterior myocardial infarction;
(b) complete heart block in four, three of
whom probably had it from birth; (c) abnor-
mal findings in routine chest x ray film in two;
(d) discovery of a systolic murmur due to mild
left atrioventricular valve regurgitation in five;
(e) paroxysmal atrial arrhythmia in three; and
(f) questionable cyanosis in a patient who pre-

sented with a systolic murmur. Cyanosis was

related to a left superior vena cava entering
the left atrium.
When first seen 14 of 18 patients were clas-

sified as AI 1-that is well and asymptomatic
(fig 1) and four were AI 2. After a mean

(range) of 10 (1-30) years 10 patients were

still AI 1, seven were symptomatic AI 2, and
one was AI 3 from an hemiplegia related to
atrial fibrillation. There were no deaths.

Figure 2 shows the prevalence of complica-
tions for each decade. Complete atrioventricu-
lar block was congenital in three patients
(17%) of the population and was acquired in
further four patients (22%) at ages 15, 30, 35,
and 44 years. The percentage of patients with
complete atrioventricular block, congenital or

acquired, in each decade was stable between
25% and 33%; only three patients (two with
congenital and one with acquired complete
atrioventricular block) had insertion of a pace-
maker because of a slow deterioration in their
clinical state (dizziness and low ventricular
rate) at the age of 28, 35, and 36 years. The
other four patients remain asymptomatic with
good heart rate response during effort up to
ages 22, 26, 41, and 61 years.

Significant left atrioventricular valve regur-
gitation appeared only in the third decade in
12% and became progressively severe in the
following decades; it was established in four of
six patients who reached the sixth decade.
Surgical intervention was considered neces-

sary for severe valvular regurgitation in one

patient aged 58 years but was not performned
because of serious deterioration from a hemi-
paresis from embolism with atrial fibrillation.
Left atrioventricular valve regurgitation was

mild in five patients and moderate in three.
The left atrioventricular valve was mildly mal-
formed in only three patients. No patient had
left sided Ebstein's anomaly.

Supraventricular arrhythmia began to
appear in the fifth decade in three of six
patients, but affected five of the six who
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Figure 2 Prevalence ofcomplications for each decade.
(Pts, patients.)

reached 51-60 years (two with atrial fibrilla-
tion and three with paroxysmal supraventricu-
lar tachycardia). One patient, a 61 year old
woman with good ventricular function, devel-
oped sustained ventricular tachycardia.

Congestive heart failure appeared for the
first time in the fifth and sixth decades. One
patient acquired severe left atrioventricular
valve regurgitation and three had moderate
regurgitation. All of this group had impair-
ment of systemic ventricular function, two
with additional complete heart block. In one

patient cardiac failure developed 2 months
after an attack of bacterial endocarditis on the
left atrioventricular valve which did not cause

severe regurgitation at the time but which
became more important 2 years later.

Three patients had uneventful pregnancies,
with seven live born infants, none of whom
had congenital heart disease.

Discussion
Additional structural cardiac anomalies usu-

ally coexist with the malformation of cor-

rected transposition of the great arteries,2 but
when not present the natural history would
seem from this series to be good at least until
the fifth decade of life. Whether such patients
die in infancy and childhood is not known and
not mentioned in reported series of corrected
transposition. Obviously heart block leading
to sudden death or requiring pacemaker inser-
tion can occur at any time even in utero with
and without associated anomalies. The pro-
gressive deterioration with the onset of cardiac
failure after 40 years and certainly 50 years
means that life expectancy is not normal. This
deterioration comes from several factors
which may appear together; complete heart
block, increasing left atrioventricular valve
regurgitation closely associated with deterio-
ration in systemic ventricular performance,
increasing left atrial pressure, and predispos-
ing to atrial flutter and fibrillation. These fac-
tors herald rapid deterioration and changing
ability indices. Most patients require medical
treatment by 45-50 years-that is, diuretics,
angiotensin converting enzyme (ACE)
inhibitors, and antiarrhythmic drugs. The
decision whether or not to operate on the left
atrioventricular valve is difficult, because it is
hard to differentiate the role of ventricular
dysfunction from regurgitation of the valve,
which is usually anatomically abnormal.
From the literature,37 16 patients over 40

years of age (range 42-80 years) without asso-

ciated anomalies have been reported; 10 of
these had mild/moderate left atrioventricular
valve regurgitation and more than one third of
the cases had an episode of heart failure after
the fifth decade.
The function of the systemic ventricle in

corrected transposition has been debated.
Most authors recognise the functional vulnera-
bility of the morphological right ventricle in
the systemic location with ageing.7 We agree,
however, with Dimas et aF who found only
mild impairment of morphological right
ventricular function in 18 adults even with
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Figure 1 Ability index at
baseline and at the end of
follow up (mean 10 years).
AI, ability index.
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associated anomalies in the majority. In three
of four patients with overt heart failure, the
systemic ventricle was only mildly impaired.
This is only one of the factors, and perhaps
not the most important, which contribute to
the development of heart failure.

There are few reports about the function of
the right sided ventricle. We do not have any
evidence to suggest that there is any dysfunc-
tion with increasing age. If pulmonary steno-
sis is present, however, right sided
dysfunction may develop insidiously.
The left atrioventricular valve tends to

become incompetent with time in patients
with corrected transposition of the great arter-
ies without associated anomalies appearing in
adult life. It is difficult to differentiate the role
of systemic ventricular dilatation, together
with tricuspid ring enlargement, from
acquired deformity of the cusp in causing tri-
cuspid regurgitation-present in 30% after 40
years of age. Certainly in our series we did not
have evidence of the presence of Ebstein's
malformation but we could not exclude the
presence of a milder degree of this abnormal-
ity. Even if none of our patients had left atri-
oventricular valve replacement, at the present
time surgery should be considered when
regurgitation is moderate or severe and while
the left sided ventricular function is still pre-
served. In the future, through trans-
oesophageal echocardiography, we may be
able to understand more precisely the mecha-
nism of atrioventricular valve regurgitation
and may be able to intervene earlier.

Patients with corrected transposition of the
great arteries without associated anomalies
should be protected from bacterial endocardi-
tis. Infection occurs on the left atrioventricu-
lar valve despite apparent normal function. In
one patient left atrioventricular valve regurgi-
tation progressed to become severe within 2
years of an episode of endocarditis.

It is our practice to introduce ACE
inhibitors with the appearance of mild regur-
gitation and the first sign of reduced ventricu-
lar function in the hope of slowing or halting
deterioration even if we do not have any data
to support the evidence. It is therefore impor-
tant to follow patients with good echocardio-
graphic assessment of ventricular and
atrioventricular valve function. Transoeso-
phageal echocardiography gives much better
assessment than transthoracic echocardio-
graphy in these patients with grown up
congenital heart disease and should be used in
routine supervision with biannual or annual
evaluation if clinical changes occur.

Supraventricular arrhythmia occurred in
five of the six patients in the sixth decade,
causing pulmonary oedema in some. Drugs
with a negative inotropic effect should not be
used. In patients with atrial fibrillation or flut-
ter anticoagulants must be used early because

of the embolic risks and cardioversion
attempted early. Our policy is to give amio-
darone, ACE inhibitors, and diuretics with
careful monitoring of potassium concentra-
tions in all patients after onset of the first
attack, however short lived. In this population
ventricular arrhythmias were exceptional
despite the presence of impaired systemic ven-
tricular function in several patients.
Atrioventricular conduction disturbances are
common, with a high percentage of estab-
lished complete heart block occurring at dif-
ferent ages, starting in any decade, but always
with warning symptoms. No sudden, unex-
pected deaths occurred in this group. Patients
with corrected transposition of the great arter-
ies are warned to report to the centre immedi-
ately if symptoms of presyncope, syncope, or
a sudden increase in fatigue or dyspnoea
occur. Pacemaker insertion can be delayed
until symptoms or chronotrophic regurgita-
tion occur. The ventricular rate response dur-
ing effort is often good and the development
of more advanced conduction disturbance or
slow ventricular rates tend to be gradual. The
use of the dual chamber pacemaker is manda-
tory considering the age of the patients8 and
the constant progressive deterioration of sys-
temic ventricular function. The effect of ear-
lier pacemaker implantation to prevent the
onset of atrial arrhythmia needs to be
assessed.

Pregnancy was well tolerated and the per-
centage of live born infants without congenital
anomalies was high.

This group of patients seems to have a
good prognosis in the first three to four
decades of life and this has important implica-
tions for insurance companies, driving licens-
ing authorities, and employment bodies. They
do, however, need careful follow up by a car-
diologist who is able to recognise the first
signs of the frequent complications which will
occur after the fifth decade.
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